WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Internationa] Bureau 




PCX 

INTERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Internatioiial Patent ClassificatioD ^ : 
C03B 37/027 



Al 



(11) International Publication Number: WO 99/26891 

(43) International Publication Date: 3 June 1999 (03.06.99) 



(21) Intemational Application Number: PCT/EP98/07371 

(22) Intemational Filing Date: 18 November 1998 (18.1 1.98) 



(30) Priority Data: 
97120403.7 
60/069,308 



21 November 1997 (21.11.97) EP 
24 November 1 997 (24. 1 1 .97) US 



(71) Applicant (for ail designated States except US): PIRELLI 

CAVI E SISTEMI SP.A. [rr/irj; Vlalc Saica. 222, 1-20126 
Milan (IT). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): ROBA, Giacomo. Stefano 
[IT/rr]; Via Amo, 5/10, 1-20052 Monza (TT). PATA, 
Roberto [IT/IT]; Via Partigiani, 10, 1-24100 Bergamo (IT). 

(74) Common Representative: PIRELLI CAVI E SISTEMI S JP.A.; 
Viale Sarca. 222, 1-20126 Milan (TT). 



(81) Designated States: AU, BR. CA, CN. IL. JP, KR, NZ, TR, 
US. European patent (AT, BE. CH, CY, DE, DK, ES. FI* 
FR, GB, OR. IE, IT, LU, MC, NL. PT, SE). 



Published 

With intemational search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: METHOD AND APPARATUS FOR COOLING OPTICAL FIBERS 

(57) Abstract 

The present invention relates to a method and 
apparatus for cooling an optical fiber during the 
drawing process of said fiber. In particular the 
present method for cooling an optical fiber comprises 
flowing a cooling gas onto the optical fiber wherein 
the flow direction of the cooling gas is substantially 
transversal with respect to the longitudinal axis of 
the fiber. It has been found that by employing a 
flow of cooling gas being substantially transversal 
to the longitudinal axis of the drawn fiber, the 
cooling efficiency of the fiber may be substantially 
improved. The apparatus according to the invention 
comprises a hollow elongated body, said hollow 
elongated body having at least one wall defining an 
internal elongated space through which the drawn 
fiber passes wherein the at least one wall of said 
hollow elongated body is provided with at least one 
longitudinal opening through which said cooling gas 
is introduced into the hollow body and at least one 
longitudinal opening through which said cooling gas 
is removed from said hollow body. 
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METHOD AND APPARATUS FOR COOLING OPTICAL FIBERS 

The present invention relates to a method and apparatus 
for cooling an optical fiber during the drawing process of 
5 said fiber. 

In the production of optical fibers,^ a glass preform is 
first prepared according to known technologies, comprising 
VAD (vapor axial deposition) , DVD (outside vapor 
deposition) and MCVD (modified chemical vapor deposition) , 

10 by depositing a soot of glass particles; said soot-glass 
preform is then consolidated before drawing the fiber. 

The optical fiber is obtained from the consolidated 
preform by heating the bottom end of the preform at its 
softening temperature into a so-called ^Mrawing furnace" 

15 and drawing the fiber from said softened preform under 

controlled conditions, according to known procedures. Upon 
cooling, the glass solidifies into the optical fiber, which 
is very fragile. Thus, during the drawing phase, before 
collecting it, the fiber is normally coated with one or 

20 more layers of synthetic coating material - preferably two 
layers - (for instance urethane-acrylate resins) for 
protecting it. 

In general the coating of the fiber is performed by 
passing the fiber through a *^coating-die", which contains a 

25 liquid resin. The fiber, which in general has a temperature 
of about 2000 at its outlet from the drawing furnace, has 
to be cooled before entering into the coating-die at a 
temperature compatible with the one of the coating 
application technique, (in general below 100 "^C, preferably 

30 at about 25'*C-60°C) for avoiding possible inconveniences 

during the coating phase due to the high temperature of the 
fiber, resulting in irregular deposition of the coating 
layer. By increasing the draw speed, the fiber requires 
longer distances for cooling down to a temperature suitable 
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for the coating application. For instance, as reported in 
US 4,437,870^ a distance of 120 cm is required for natural 
cooling a fiber with a 125 diameter from 1780**C down to 
50**C, with a draw speed of 0.75 m/sec; when the draw speed 
5 is increased up to 5 m/sec, a 800 cm cooling distance is 
required- With the increasing rate of the drawing speed the 
distance between the drawing furnace and the coating die 
would increase too much when only a natural cooling is 
applied; it has thus been suggested to employ cooling means 
10 for force-cooling the fiber at a suitable temperature for 
the coating application, allowing to employ shorter cooling 
distances . 

US 4,437,870 discloses an apparatus for cooling the 
fiber which consists of a vertical tube through which the 

15 fiber is drawn, said tube being provided at its bottom end 
with a cylindrically-shaped porous member. Cooling gas is 
supplied into a chamber surrounding the porous member, and 
then,, through said porous member, it flows upwardly along 
the fiber to the top of the cooling tube. A chamber 

20 containing liquefied gas (nitrogen) surrounds the cooling 
tube. According to an alternative embodiment the fiber is 
drawn through a vertical tube, which may be surrounded by a 
layer of insulating material, having an annular opening at 
its bottom through which cooling gas emanates into the 

25 tube, flowing upwardly to the top of the cooling tube. 

US 4,514,205 discloses an apparatus for cooling the 
fiber consisting of a cooling tube surrounding the fiber, 
which tube is centrally disposed in a reservoir containing 
liquefied gas. The cooling gas flows first through a coil 

30 disposed into the reservoir, thus being cooled by the 

liquefied gas contained in said reservoir, and then into 
the cooling tube axially along the fiber. 

US 4,913,715 discloses a cooling apparatus wherein the 
fiber is drawn through a forced-cooled double-walled tube. 
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The inner space of the tube, through which the fiber 
passes, contains a gas with good heat-transporting 
properties, having a flow which is reduced but sufficient 
to prevent the penetration of the surrounding atmosphere 

5 into the tube and to compensate loss of gas. According to 
the method disclosed in this patent, the fiber is thus 
cooled substantially by heat transfer to the cooled wall by 
means of the heat-transporting gas surrounding the fiber. 
US 4,966,615 discloses a cooling tube surrounded by a 

10 cooling jacket* A number of ring-shaped partition plates, 
spaced from each other, are mounted within the tube. The 
partition plates allows breaking the laminar flow of the 
gas through the tube, in order to increase the heat 
transfer between gas and fiber. 

15 US 4,438,918 discloses a method for cooling an optical 

fiber wherein said fiber is passed between two parallel 
plates cooled with nitrogen, a laminar flow of inert gas 
being directed onto said fiber along a plane centrally 
located between said plates, said laminar flow being 

20 generated by a 1/2 inch tube provided on its surface with a 
number of holes of 1/16 inches diameter, spaced one inch 
apart from each other. 

The applicant has noticed that the above cooling 
devices and methods have some drawbacks in their use, in 

25 particular as they can not be easily adapted to the 
variations of the drawing conditions. 

Furthermore, the applicant has also observed that with 
conventional cooling methods employing an axial flow of 
cooling gas, the possibility to increase the drawing speed 

30 is also limited from a critical value of the flow rate of 
the cooling gas (depending on its initial temperature and 
on the length of the tube) , above which there is a 
saturation of the cooling efficiency of the gas, with no 
substantial increase in the cooling capacity of the gas. 
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In addition, in the method and apparatus disclosed in 
US 4,838/918, the applicant has observed that the 

efficiency of the cooling of the fiber can be reduced by * 
the fact that the cooling gas is provided by means of small 

5 holes spaced from each other and that there are no means 
for effectively removing the inert gas from the apparatus. 

It has now been found that according to the present 
invention, the efficiency of the cooling of the optical 
fiber can be improved by passing said fiber through a 

10 hollow elongated body, said body being provided with at 
least a first longitudinal opening and at least a second 
longitudinal opening, both said openings being provided 
substantially on the whole length of said elongated body 
and said second opening being positioned at substantially 

15 the opposite side with respect to said first opening, 
wherein the cooling gas is passed through said first 
opening, directed onto the fiber and removed from the 
opposite second opening. Accordingly, the cooling method of 
the invention provides a flow of cooling gas which is 

20 substantially transversal with respect the longitudinal 

axis of the drawn fiber, for the whole path of the cooling 
gas inside the elongated hollow body. In the present 
description the wording ^^flow direction substantially 
transversal with respect to the longitudinal axis of the 

25 fiber" is intended to encompass any condition in which the 
cooling gas flows transversally to the longitudinal axis of 
the fiber from one side to the other of the elongated 
hollow body through which the fiber passes. Preferably, the 
direction of the transversal flow of the cooling gas is 

30 substantially perpendicular with respect to the 
longitudinal axis of the fiber. 

One aspect of the present invention thus relates to a 
method for cooling an optical fiber which comprises: 

- passing said fiber through a hollow elongated body, 

35 said elongated body being provided with at least a 
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first longitudinal opening and at least a second 
longitudinal opening; 
- flowing a cooling gas through said first opening, 
wherein the flow direction of the cooling gas is 
5 substantially transversal with respect the 

longitudinal axis of the fiber; 

removing said cooling gas from the hollow elongated 
body through said second opening. 
According to a preferred embodiment, said openings are 
10 provided on at least half of the total length of said 
elongated body. Preferably, the length of said openings 
corresponds to at least 75% of the total length of said 
elongated hollow body; in particular, the length of said 
openings ranges from about 80% to about 95% of the total 
15 length of said elongated hollow body. According to a 

preferred embodiment, said second opening is positioned 
substantially on the opposite side of said elongated body 
with respect to isaid first opening. Furthermore, the 
cooling gas is preferably forcibly removed from said hollow 
20 elongated body through said second longitudinal opening. 

According to a preferred embodiment, the method of the 
present invention comprises: 

- introducing a cooling gas at a predetermined 
temperature into a first hollow space defined by an inner 

25 and an outer wall of a first double-walled half-tube; 

- flowing said cooling gas from said first hollow space 
through at least one longitudinal opening, provided on the 
inner wall of said first double-walled half-tube, into a 
central chamber defined by the inner wall of said first 

30 double-walled half-tube and by the inner wall of a second 
double-walled half-tube, in order to cool an optical fiber 
being passed through said central chamber; 

- flowing the cooling gas from said central chamber 
through at least a second longitudinal opening, provided on 

35 the inner wall of said second double-walled half -tube, into 
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a second hollow space defined by the inner and the outer 
wall of said second double-walled half -tube; 

- removing the cooling gas from said second hollow 
space . 

5 According to a preferred embodiment the cooling method of 
the present invention comprises: 

- subjecting at least a first portion of the fiber to a 
substantially transversal flow of cooling gas in a first 
direction; and 

10 - subjecting at least a second portion of said fiber to a 
second substantially transversal flow of cooling gas in a 
second direction, said second direction preferably being 
substantially opposite with respect to the first one. 

A further aspect of the present invention relates to a 

15 cooling device for cooling an optical fiber drawn from a 

softened preform, said device comprising a hollow elongated 
body, said hollow elongated body having at least one v/all 
defining an internal elongated space through which the 
drawn fiber passes wherein the at least one wall of said 

20 hollow elongated body is provided with at least one 
longitudinal opening through which a cooling gas is 
introduced into the hollow body and at least one 
longitudinal opening through which said cooling gas is 
removed from said hollow body, said openings having 

25 respective orientations with respect to the path of the 
optical fiber through the hollow body, such that the flow 
direction of the cooling gas results substantially 
transversal with respect the longitudinal axis of the fiber 
passing through said hollow elongated body. 

30 Typically, said hollow elongated body is a tube. 

According to a preferred embodiment, the above 
mentioned hollow elongated body is a double-walled tube 
comprising an inner and an outer wall defining a first 
hollow space, wherein: 
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- the inner wall of the tube defines a second hollow 
space corresponding to the central part of the tube through 
which the fiber passes; 

- said inner wall is provided with the at least one 

5 longitudinal opening through which the cooling gas from the 
first hollow space is introduced into the central part of 
the tube and at least one longitudinal opening through 
which said cooling gas is removed from the central part 
into the first hollow space. 

10 According to a preferred embodiment, said double-walled 

tube comprises two separate halves joined together to form 
the tube/ the inner walls of the two halves delimiting a 
central part of the cooling tube through which the fiber 
passes, each half having the inner wall provided with at 

15 least one longitudinal opening. The cooling gas flows from 
an inlet into the hollow space defined by the inner and: 
outer wall of the first half and then, through the at least 
one slot on the inner wall of said first half, into the 
central part of the cooling tube onto the fiber; then, the 

20 cooling gas flows from the central part of the cooling tube 
through the at least one slot on the inner wall of second 
half into the hollow space defined by the two walls of the 
second half and is removed through an outlet ^connected to 
said hollow space of the second half. 

25 A further aspect of the present invention relates to a 

cooling system for cooling an optical fiber which 
comprises: 

- a cooling apparatus in which a cooling gas is flown onto 
the optical fiber with a substantially transversal flow 

30 direction with respect the longitudinal axis of the fiber; 
and 

- a regeneration unit, connected to said cooling apparatus. 

Preferably, said regeneration unit comprises at least a 
purification or a refrigeration device for purifying and/or 
35 refrigerating the cooling gas. 
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For a better understanding of the present invention, 
reference is made to the following drawings, which 
illustrate an example of a possible embodiment of the 
present invention. 
5 Fig. 1 is a diagrammatic block representation of a 

system for drawing optical fibers. 

Fig. 2 is a perspective view of one embodiment of the 
cooling tube according to the present invention. 

Fig. 3 is a perspective view of one of the two halves 
10 of the cooling tube represented in fig. 2. 

Fig. 4 is a cross-sectional top view the cooling tube 
of fig 2. 

Fig. 5 is a cross-sectional lateral view of the half of 
the cooling tube represent in fig 3. 

15 Fig. 6 is a schematic representation of the functioning 

of a cooling apparatus according to the present invention. 

The drawing system represented in fig. 1 comprises the 
drawing furnace 102, wherein the bottom of the optical 
preform is heated at its softening temperature, an 

20 apparatus 103 for measuring the diameter of the drawn fiber 
104, a cooling apparatus 101 for cooling the fiber before 
coating it and a coating device 105 for applying the 
protective coating onto the fiber. The optical preform is 
generally connected to moving means for progressively 

25 moving the preform downwardly to the heating zone of the 
furnace while the fiber is being drawn. The coating device 
may comprise a coating die, containing a liquid curable 
resin composition (e.g. urethane-acrylate based resin), 
followed by a UV curing apparatus 106. When desired, 

30 further coating devices may be positioned after the first 
one, for applying further layers of different coating 
compositions onto the fiber. 

The distance ^^L" between the cooling apparatus 101 and 
the coating device 105 depends on the temperature of the 

35 fiber at its outlet from the cooling tube; if the fiber has 
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not been cooled below a value compatible with the coating 
operation, the coating device should be positioned at a 
certain distance from the cooling device for allowing the 
further cooling of fiber. With the cooling method and 

5 apparatus of the invention, it is possible to obtain a 
fiber at the outlet of the cooling apparatus having a 
temperature below 40*^0, typically of about 20°C. According 
to a preferred embodiment it is thus possible to place the 
coating apparatus 103 substantially in contact with the 

10 cooling apparatus 101. 

As for the distance between the drawing furnace 102 and 
the cooling device 101, the applicant has determined that 
the fiber should preferably enter into the cooling device 
at a temperature below the glass transition temperature of 

15 silica, typically at about 1100^*0. In this connection, • 

assuming a temperature of the fiber of about 1850°C at its 
outlet from the furnace, the fiber would take about Qi'i2-''- 
seconds for natural cooling down to 1100**C, with a — - — - 
temperature of the air of about 20 "^C. This means a distance^' 

20 of about 0 . 6 m of the cooling device from the bottom of- the 
furnace for a drawing speed of about 5 m/s, up to a 
distance of about 2.4 m for a drawing speed of about 
20 m/s. In the practice, said distances of the cooling 
device from the furnace are preferably increased of about 1 

25 meter (thus a total distance of about 1.6 m and 3.4 m for 
the above drawing speeds) , thus allowing the fiber to enter 
into the cooling device at a temperature of about 1000 ^'C or 
lower. 

The cooling gas is selected from those known in the art 
30 having a high heat transfer coefficient. A gas with a high 
heat transfer coefficient is typically one which has high 
thermal conductivity, high specific heat and low viscosity. 
Examples of gases suitably employable are helium, carbon 
dioxide, argon, and nitrogen, and mixtures thereof. 
35 Preferably, helium is employed. The temperature of the 
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cooling gas at its inlet into the cooling should be 
sufficiently low as to provide the desired cooling of the 
fiber; however^ due to the high cooling efficiency of the 
present transversal flow method, it is not necessary to 
5 employ too low temperatures. Said temperature is preferably 
from -20 °C to about 20 "^C, preferably from about 0*" and 
10*^0- 

The flow rate of the cooling gas will depend on the 
geometrical dimensions of the cooling tube and on the 

10 desired cooling of the fiber. The flow rate should also be 
selected in order to avoid an excessive speed of the gas 
onto the fiber, which may cause undesired movements of said 
fiber. For instance, with reference to the cooling 
apparatus reported in the examples, the flow rate of 

15 cooling gas per unitary length (1 meter) of the cooling 
tube (hereinafter ^^unitary flow rate") will be from about 
20 1/min to about 200 1/min, preferably from about 75 1/min 
to about 150 1/min. 

The cooling tube of fig. 2 is formed by joining two ^^C- 

20 shaped" double-walled tubes, identified as 201a and 201b. 
Fig. 3 shows in detail one of these two ^^C-shaped" double 
walled tubes. The joining of the two halves 201a and 201b 
defines the central part 202 of the cooling tube, through 
which the drawn fiber 104 passes and is cooled. The top and 

25 the bottom faces of the tube are provided with a passage 
204 for the fiber. The two half tubes are joined by means 
of suitable removable connecting elements (not shown) such 
as, but not limited to, screws, clamps, clips and the like; 
a gas seal, not shown in fig 2 is provided between the two 

30 halves. Each of the two halves is provided with a passage 
203a and 203b, for the inlet and outlet of the cooling gas. 
As the two parts 201a and b are substantially identical, 
said passages may serve either as inlet or outlet of the 
cooling gas; this provides an advantageous flexibility of 

35 the apparatus, allowing to easily change the flow direction 
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of the cooling gas through the central part of the cooling 
tube. 

Fig. 3 shows in detail the half part 201b of the above 
cooling tube. The inner wall 301 of said half part (as the 
5 inner wall of the corresponding half part 201a) is provided 
with a plurality of slots 302, through which the cooling 
gas flows from the hollow space of the double-walled 
half -tube towards the central part of the cooling device, 
or alternatively, through which the cooling gas is removed 
10 from the central part of the cooling device into the hollow 
space of the double-walled half -tube. Instead of a 
plurality of slots, it is also possible to provide the 
inner wall with a single slot, substantially for the whole 
length of the tube. Preferably, each slot has a length of 
15 from about 2 cm to about 10 cm, preferably of about 5 cm. 
The width of the slot is suitably dimensioned to allow a 
substantial amount of the cooling gas to impact onto the 
fiber. Preferably, the width of the slot is comprised from 
about 0.5 to about 3 mm, particularly preferred being a 
20 width of about 1 mm. Gas seals (405 in figs. 4 and 5) are 
provided on the faces of the half -tube 201b being joined to 
the corresponding faces of the other half -tube 201a. 

The cross-sectional view of fig. 4 shows a possible 
geometry of the double-walled cooling tube of the 
25 invention. The inlet chamber 401 is suitably dimensioned so 
to allow the gas to substantially homogeneously diffuse 
inside said chamber before flowing through the slot 402 
onto the fiber- 104 being drawn through the central part 404 
of the cooling tube, thereby not causing undesired 
30 vibrations or misalignments of the fiber due to a turbulent 
or inhomogeneous flow of the gas onto the fiber. For 
instance, with a flow rate of cooling gas of about 
7 5 1/min, suitable dimensions of the tube shown in figs 3 
and 4 are about the following: a=40 mm, b=16 mm, c=20mm, 
35 d=8mm and h=55cm. 
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The gas inlet passage 203 is preferably positioned in 
such a way as to avoid a linear path of the gas from the 
inlet towards the slot; this again to facilitate a 
substantial homogeneous diffusion of the gas into the 

5 chamber 401. For instance, according to the embodiment 

shown in the figures, the inlet is positioned transversally 
with an angle of about 90° with respect the slots, the gas 
flow being directed towards the inner wall 403 
perpendicular to the one bearing the slots. When more than 

10 one slot is present, the inlet passage 203 is preferably 
positioned in correspondence with the junction space 304 
between two contiguous slots, as shown in fig 4. 
Furthermore, for allowing the better diffusion of the 
cooling gas inside the chamber 401, the inlet passage is 

15 preferably positioned in the lower part of the cooling 

tube, in particular at a height of from about 1/3 to about 
1/10 from the bottom end of the cooling tube. 

Also the dimensions of the central part 202 of the 
cooling tube are suitably adapted as to provide the desired 

20 flow rate and speed of the gas onto the fiber. In 

particular said dimensions are set to maximize the ratio 
between the gas speed (in the proximity of the fiber) and 
its flow rate. This because, with the transversal flow, the 
convective thermal exchange coefficient of the gas with the 

25 fiber (corresponding to the cooling efficiency) increases 
at the increasing of the transversal speed of the gas onto 
the fiber. Accordingly, the dimensions of the chamber are 
preferably set in order that the speed pattern of the gas, 
in the plane perpendicular to the axis of the drawn fiber, 

30 is not completely developed in correspondence with the 

fiber. Such a pattern is typically a ^'bell-shaped" pattern 
where the speed of the gas in the central part of the 
chamber is higher than the speed of gas in the same zone in 
a completely developed '^parabolic" profile. 
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Preferably, the distance between two opposite slots of 
about 1 mm width is from about 10 mm to about 20 mm, 
particularly preferred being a distance of about 16 mm. 
Also preferably, the width of the central part of the 
5 cooling tube is from about 10 mm to about 20 mm. According 
to a preferred embodiment, the length and the width of the 
central part are substantially the same. 

According to the present invention, the conditions of 
the gas flowing inside the cooling tube may be either of 
10 substantial laminar flow or of slightly turbulent flow. 

While the laminar conditions allow a better control of the 
whole cooling process, according to applicant's 
observations, a slightly turbulent gas flow onto the fiber 
will increase the heat exchange between gas and fiber. In 
15 any case, attention should be paid not to increase too much 
the turbulence of the gas flow, in order to avoid undesired 
and uncontrolled vibrations or misalignments of the fiber 
during the cooling process. A typical gas flow, with 
particular reference to the cooling device illustrated in 
20 the examples, will preferably have a number of Reynolds 

lower than 3000, preferably lower than 2800, e.g. comprised 
from about 2800 and 2300. 

As previously said, the cooling gas can be provided 
from inlet 203b into the inlet chamber 401 and then through 
25 slots 402 into the central chamber 404 at a unitary flow 
rate of from about 20 1/min to about 200 1/min, preferably 
from about 75 1/min to about 150 1/min. Typically, the 
pressure of the cooling gas inside the central chamber 404 
will be from about 1 bar to about 2 bars. 
30 To allow the cooling gas to be removed from the central 

chamber of the cooling tube, vacuum may be applied to the 
outlet 203a, e.g. from about 0.3 bars to about 0.9 bars. 
Conventional devices, such as a vacuum pump, may be 
employed to obtain the desired level of vacuum. The same 
35 vacuum pump may be used to generate the desired 
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overpressure (e.g. about 3-5 bars) to allow the cooling gas 
to flow from the outlet of the pump through the circuit 
again into the inlet chamber 401. Alternatively^ a series 
of pumps may be provided to generate the desired 

5 overpressure. 

The cooling apparatus schematically represented in 
fig. 6 is a cooling unit comprising four cooling devices or 
tubes (501ar b^ c and d) placed one upon the other. For the 
sake of conciseness, the cooling tubes 501a-d forming the 

10 cooling unit will be named "'modules'' in the following of 
the specification. The modules are so disposed as to 
provide a transversal flow of the gas through the slots 
into the central part of the tube which is in opposite 
direction when taking into consideration the flow in two 

15 adjacent modules. With reference to figure 6, the flow 

direction of the gas is from left to right for modules 501a 
and 501c, and from right to left for modules 501b and 501d, 
This configuration avoids possible undesired deformations 
or misalignments of the fiber, due to a one-sided flow 

20 direction of the gas onto the fiber. Accordingly, the 

modules are preferably used in a number of at least two, in 
order to allow the above alternate flow direction of 
cooling gas. Particularly preferred is a cooling device 
comprising a number of modules which is a multiple of two. 

25 Typically, each module. has a length of from about 40 to 
about 70 cm, preferably of about 55 cm. 

Each module, in particular the two halves of each 
module, may consist of a single piece which is joined to 
the other single-piece modules in order to provide the 

30 desired length of the cooling unity. Alternatively, the 
above cooling unit may be obtained by joining two 
single-piece symmetric halves, internally separated into 
the desired number of modules. For instance, a single 
cooling unit may advantageously consist of two symmetric 

35 single-piece halves, each consisting of two or four modules 
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as above defined; this may substantially reduce the number 
of operations during the assembling of the cooling device 
as well as the total nxamber of joint-points in the cooling 
device. According to a preferred aspect of the present 

5 invention, two cooling units, each comprised of four 
modules, may advantageously be used. 

Each modulus is advantageously connected to a gas flow 
regulator 504, for regulating the gas inlet, and to a mass 
flow meter 505. A mass flow controller 506 is 

10 advantageously positioned upstream to each of the gas flow 
regulators 504. 

The cooling unit can advantageously be connected to a 
regeneration unit- 

Accordingly, the cooling gas is collected from the 

15 outlet of each module and sent, through a valve 508a, to a 
regeneration unit comprising, for instance, a purification 
apparatus 510, for eliminating possible impurities in the 
gas, and a cooling device 511, for refrigerating the gas at 
the desired temperature. When the cooling gas is employed 

20 at about room temperature, a water heat exchanger may be 
provided for cooling the exhausted gas, the water 
temperature being at about 15**-20**C; otherwise, for lower 
temperatures, other suitable cooling agents (e.g. liquid 
nitrogen) may be provided. A gas reservoir 509 can be 

25 employed, in order to provide the necessary amount of gas 
to the cooling device, through valve 508b. A pump 507 can 
advantageously be employed to send the gas to the cooling 
device. 

For instance, the regenerating apparatus disclosed in 
30 US 5,452,583 may be suitably employed. 

Two buffer units 502 and 503, not connected to the 
regenerating apparatus, are positioned at the top and at 
the bottom of the cooling unity, in particular at the top 
of module 501a and at the bottom of module 501d, to avoid 
35 the inlet of air from the outside, thus isolating the 
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cooling gas from the outside, facilitating the recycling 
operations. Each of the two buffers comprises two separate 
chambers {502a, 502b and 503a, 503b, respectively) where 
the buffer gas flows in alternate direction. The two 
5 chambers of the buffer units will have substantially the 
same geometry as the cooling tube, i.e. with at least one 
slot on the inner wall for the passage of the buffer gas 
and with a small passage on the top and bottom faces for 
the fiber- Typically, said buffer units have a length of 

10 from about 2 cm to about 4 cm. The unitary flow rate of the 
buffer gas into the buffer units (i.e. the flow rate for 
one meter of length of the buffer unit) will generally be 
slightly lower than the unitary flow rate of the cooling 
gas, so to avoid or minimize the flow of the buffer gas 

15 inside the cooling tube. Thus the unitary flow rate of the 
buffer gas is preferably from about 50 1/min to about 100 
1/min. The gas flowing in the buffer units may be the same 
as the one employed for cooling, typically helium, or a 
different one, less expensive than the cooling gas (e.g. 

20 nitrogen). The first case results in discharging a certain 
amount of cooling gas in the atmosphere; in the second 
case, the cooling gas flowing inside the cooling tube will 
be contaminated with the (different) buffer gas and should 
thus undergo to purification before being recycled. It is 

25 thus preferred to employ the same cooling gas (e.g. helium) 
for the chamber close to the cooling tube and a different 
gas (e.g. nitrogen) for the most external buffer chamber. 
In this manner, a minor amount of cooling gas (much 
expensive than nitrogen) is lost in the environment, while 

30 at the same the contamination of the cooling gas is 

substantially reduced. The applicant has observed that with 
this solution, for a flow rate of the buffer gases of about 
1-2 1/min, an amount of about 10% of nitrogen (which makes 
purification necessary) is present in the helium cooling 

35 gas only after 3-5 days; the same amount is instead reached 
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after less than 1-2 hours when a buffer unit with the only 
nitrogen as buffer gas is employed. When desired, also the 
buffer unit may be incorporated into a single-piece cooling 
unit, as previously discussed for incorporating two or more 

5 modules in the same single-piece cooling unit. 

With the cooling device of the present invention, the 
total flow rate of the gas inside the cooling tube may be 
increased consistently with the length of the tube, without 
negatively affecting the properties of the fiber due to 

10 undesired vibrations inside the cooling tube. Furthermore, 
with the cooling apparatus and method of the present 
invention, the heat exchange between cooling gas and fiber 
is highly effective and substantially constant along the 
whole length of the cooling tube. Due to the high 

15 efficiency of the method and apparatus of the present 

invention, the cooling gas may be employed at an operating 
temperature substantially higher than the temperature used 
in the prior art methods. Accordingly, with temperatures of 
about 0°C of the cooling gas, the cooling device and method 

20 of the invention allows to increase the drawing speed of 
the fiber above 20 m/s, in particular up to 23 m/s and . 
more . 

The above disclosed parameters of the cooling method 
according to the invention may be suitably varied depending 

25 on the specific drawing conditions, in order to optimize 
the cooling efficiency of the device. For instance, the 
applicant has observed that, by maintaining the same total 
flow rate, the longer the cooling tube the better is the 
cooling of the fiber. Thus, the length of the cooling 

30 device should be set as to be the longest possible, in 
accordance with the dimension of the whole drawing 
apparatus . 

The following specific example will further illustrate 
the advantages of the invention. 
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EXAMPLE 

The cooling device (reference is also made to the 
figures) has a length of 4 . 6 m and comprises 2 superposed 
cooling units, each unit consisting of two single-piece 
5 symmetric halves, both being comprised of: 

- four modules, each module having a length of 55 cm, 
for a length of each cooling tube of 2.20 m; 

- two couples of buffer units (length = 2.5 cm for each 
unit) placed at the ends (top and bottom) of each cooling 

10 unit. 

The cooling tube has a square section, the dimensions 
of the central part (404) being 16x16 mm and the outer 
dimensions (which substantially define the dimension of the 
inner chamber 401) being 40x40 mm. Each module has ten 1x50 
15 mm rectangular slots (402) , spaced each of 5 mm. 

The modules are disposed so to allow the transversal 
flow of cooling gas into each module to be alternated 
between two adjacent modules, as shown in fig. 6. Each 
module has an inlet and outlet (203) for the cooling gas 
20 positioned at about 10 cm from the bottom of each module. 

Helium at a temperature of about 0**C is used as cooling 
gas. Helium flow rate is about 300 1/min for each cooling 
unit (75 1/min for each module), corresponding to a unitary 
flow rate of about 136 1/min and a transversal speed of 
25 helium of about 0.85 m/s in the proximity of the fiber. A 
vacuum of about 0.9 bars is applied at the outlets of the 
cooling tubes by means of a membrane vacuum pump. 
Drawing speed is set at about 20 m/s. 

The top of the cooling device is placed at about 3.25 m 
30 from the bottom of the drawing furnace. Accordingly, the 
fiber enters into the cooling device at a temperature of 
about lOOO^'C. 

The temperature of the fiber at the exit of the cooling 
device is about 30 ®C, while the temperature of the 
35 exhausted helium gas is about 60**C. 
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Once cooled, the fiber (which has a diameter of about 
0.125 ixm) enters into the coating die containing a liquid 
UV-curable acrylate-based composition, which is placed at 
about 20 cm from the bottom of the cooling device. The 
5 resin coating is then UV cross-linked and the coated fiber 
passes through a second coating die. 

The above process has been repeated by varying the 
helium flow rates at different drawing speed, while using 1 
or 2 of the above cooling unit. The temperature of the 
10 helium cooling gas was of 8**C. 

The temperatures of the fiber at the output from the 
cooling device have been determined, and the results are 
shown in the following table 1. 



15 TaiDle 1: Temperature of the fiber at the output of the 

cooling device 



He flow rate 
for each unit 

(l/min) 


Temperature of the fiber ("C) 


By using 1 cooling unit 
with drawing rate at 

15m/s 12nn/s lOm/s 


By using 2 cooling unit 
with drawing rate at 

15 mis 12 m/s 10 m/s 


150 


277 196 137 


66 32 18 


180 


235 158 105 


45 22 13 


210 


199 127 80 


36 16 10 


240 


171 104 63 


25 13 9 


270 


146 85 62 


19 11 9 


300 


125 70 39 


16 10 9 



These results show that by increasing the length of the 
cooling device, with the same helium flow rate at the same 
20 drawing speed, the efficiency of the heat exchange is 

improved- In particular, by using 2 cooling units (total 
length 4.6 m) , each with a He flow rate of 150 l/min (i.e. 
a total flow rate of 300 l/min) , the fiber is cooled down 
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at a lower temperatures than by using a single unit (2.3 m) 
with the same total helium flow rate. 

Similarly, the above process has been repeated, using a 
helium flow rate of 300 1/min for each cooling unit, for 
determining the influence of the variation of the helium 
temperature (from 20**C to -20 °C) on the temperature of the 
fiber at exit of the cooling device (table 2) and on the 
temperature of the exhausted helium (table 3) . 



Table 2 : Temperature of the fiber at the output of the 
cooling device (He flow rate = 300 1/min for each cooling 
unit) 





Temperature of the fiber 


CC) 






He inlet 
temperature 


By using 1 cooling unit 
with drawing rate at 


By using 2 cooling units 
with drawing rate at 


ro 


15 m/s 


12 m/s 


10 m/s 


15 m/s 


12 m/s 


10 m/s 


20 


137 


82 


52 


28 


22 


21 


8 


125 


70 


39 


16 


10 


9 


0 


118 


62 


31 


7 


2 


0 


-20 


98 


41 


9 


-14 


-19 


-20 


TeOale 3 : 


Temperature of 


the exhausted helium gas 






Temperature (*C) 


He inlet 
temperature 


By using 1 module 
with drawing rate at 


By using 2 modules 
with drawing rate at 


CO 


15 m/s 


12 m/s 


10 m/s 


15 m/s 


12 m/s 


10 m/s 


20 


107 


94 


83 


69 


59 


53 


8 


93 


80 


69 


55 


46 


40 


0 


83 


70 


60 


46 


37 


31 


-20 


58 


46 


36 


23 


15 


9 
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CIAIMS 

1. Method for cooling an optical fiber which comprises: 

- passing said fiber through a hollow elongated body, 
said elongated body being provided with at least a 

5 first longitudinal opening and at least a second 

longitudinal opening; 

- flowing a cooling gas through said first opening, 
wherein the flow direction of the cooling gas is 
substantially transversal with respect the 

10 longitudinal axis of the fiber; and 

removing said cooling gas from the hollow elongated 
body through said second opening. 

2 . Method according to claim 1 wherein said 
longitudinal openings are provided on at least half of the 

15 total length of said elongated body. 

3. Method according to claim 1 wherein the length of 
said openings corresponds to at least 75% of the total 
length of said elongated hollow body; 

4. Method according to claim 1 wherein the length of 
20 said openings ranges from about 80% to about 95% of the 

total length of said elongated hollow body. 

5. Method according to claim 1 wherein said second 
opening is positioned substantially on the opposite side of 
said elongated body with respect to said first opening. 

25 6. Method according to claim 1 wherein the cooling 

gas is forcibly removed from said hollow elongated body 
through said second longitudinal opening. 

7. Method according to claim 1 which comprises: 

- introducing a cooling gas into a first hollow space 
30 defined by an inner and an outer wall of a first double- 
walled half-tube; 

- flowing said cooling gas from said first hollow space 
through at least one longitudinal opening, provided on the 
inner wall of said first double-walled half-tube, into a 
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central chamber defined by the inner wall of said first 
double-walled half-tube and by the inner wall of a second 
double-walled half-tube^ in order to cool an optical fiber 
being passed through said central chamber; 

5 - flowing the cooling gas from said central chamber 

through at least a second longitudinal opening, provided on 
the inner wall of said second double-walled half -tube, into 
a second hollow space defined by the inner and the outer 
wall of said second double-walled half -tube; 

10 - removing the cooling gas from said second hollow 

space . 

8 . Method according to any of the preceding claims 
wherein: 

- at least a first portion of the fiber is subjected to a 
15 substantially transversal flow of cooling gas in a first 

direction; while 

- at least a second portion of said fiber is subjected to a 
second substantially transversal flow of cooling gas in a 
second direction. 

20 9. Method according to claim 8 wherein said second flow 

direction of the cooling gas is substantially opposite with 
respect to the first one. 

10, Method for producing an optical fiber which comprises 
the following steps of: 
25 - heating the bottom end of a glass preform at its 
softening temperature; 

- drawing the optical fiber from the softened bottom end of 
said preform; 

- passing said fiber through a hollow elongated body, said 
30 elongated body being provided with at least a first 

longitudinal opening and at least a second longitudinal 
opening; 

- flowing a cooling gas through said first opening, wherein 
the flow direction of the cooling gas is substantially 
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transversal with respect the longitudinal axis of the 
fiber; 

- coating the cooled fiber with a protective coating. 

11. Method according to any of the preceding claims, 

5 wherein the temperature of the cooling gas is from about 
-20^*0 to about 20'*C. 

12. Method according to claim 11 wherein the temperature 
of the cooling gas is from about O^^C to about 10 ^'C. 

13. Method according to any of the preceding claims 

10 wherein the flow rate of the cooling gas is from about 

20 1/min to about 200 1/min for each meter of length of the 
hollow elongated body. 

14. Method according to claim 13/ wherein the flow rate of 
the cooling gas is from about 75 1/min to about 150 1/min 

15 for each meter of length of the hollow elongated body. 
15 • Method according to any of the preceding claims 
wherein the cooling .gas is helium, nitrogen, carbon dioxide 
or mixtures thereof. 

16. Device for cooling an optical fiber drawn from a 
20 softened preform, comprising a hollow elongated body 

through which the fiber is passed, the inner walls of said 
hollow body being provided with at least one longitudinal 
opening through which a cooling gas is introduced into the 
hollow body and at least one longitudinal opening through 

25 which said cooling gas is removed from said hollow body, 
said openings having respective orientations with respect 
to the path of the optical fiber through the hollow body, 
such that the flow direction of the cooling gas results 
substantially transversal with respect to the longitudinal 

30 axis of the fiber passing through the elongated body. 

17. Device according to claim 16, wherein the hollow body 
is a double-walled tube, the inner wall of the tube 
delimiting a central part of the cooling tube through which 
the fiber passes, said inner wall being provided with at 
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least one longitudinal opening through which a cooling gas 
is introduced into the central part of the tube and at 
least one longitudinal opening through which said cooling 
gas is removed from the central part 

5 18. Device according to claim 17 wherein the double-walled 
tube comprises two separate halves joined together to form 
the tube, the inner walls of the two halves delimiting a 
central part of the cooling tube through which the fiber 
passeS/ each half having the inner wall provided with at 

10 least one longitudinal opening. 

19. Device according to claim 17 wherein the inner wall of 
each half is provided with a plurality of slots. 

20. Device according to claim 17 wherein each slot has a 
length of from about 2 cm to abot 10 cm. 

15 21. Device according to claim 17 wherein the width of the 
slot is comprised from about 0.5 to about 3 mm. 

22 . Device according to any of the preceding claims 17 to 

21. wherein the double-walled tube consists of two ''re- 
shaped'' double-walled tubes joined together to form the 

20 tube . 

23. Device according to any of the preceding claims 17 to 
22 wherein the outer wall of one half- tube is provided 
with at least one inlet for the cooling gas and the outer 
wall of the other half-tube is provided with at least one 

25 outlet for said cooling gas. 

24. Apparatus for cooling an optical fiber drawn from a 
softened preform comprising at least two cooling devices as 
claimed in any of the preceding claims 17 to 23 disposed 
one upon the other to form a cooling unit. 

30 25. Apparatus according to claim 24 wherein the number of 
devices forming the cooling unit is a multiple of two. 
26. Apparatus according to claim 24 or 25 wherein the 
transversal flow of the cooling gas onto the fiber is set 
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in opposite direction when taking into consideration the 
flow in two adjacent cooling tubes, 

27. Apparatus according to claim 23, 24^ 25 or 26 wherein 
the cooling unit further comprises at. least one buffer unit 

5 positioned at the top of the upper cooling device and at 
least one buffer unit positioned at the bottom of the lower 
cooling device. 

28. Cooling system for cooling an optical fiber which 
comprises: 

10 - an apparatus according to any of the preceding claims 24 
to 28; and 

- a regeneration unit connected to said cooling apparatus. 

29. Cooling system according to claim 28 wherein the 
regenerating unit comprises at least a purification /or a 

' 15 refrigeration device. 
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